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a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. El have been communicated by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. □ have not been made and will not be made. 

An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
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56383/70301 



24. The following fees are submitted:. 

BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1.482) nor 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1000.00 

IS International preliminary examination fee (37 CFR 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $860.00 

□ International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 

but international search fee (37 CFR 1 .445(a)(2)) paid to USPTO $710.00 

□ International preliminary examination fee (37 CFR 1 .482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $690.00 

□ International preliminary examination fee (37 CFR 1.482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 
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$860.00 
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NUMBER FILED 
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RATE 



Total claims 



48 



■20 = 



28 



x $18.00 



$504.00 



Independent claims 



1 



3 = 



x $80.00 



$0.00 



Multiple Dependent Claims (check if applicable). 



$270.00 



TOTAL OF ABOVE CALCULATIONS = 



$1,634.00 



□M Applicant claims small entity status. (See 37 CFR 1 .27). The fees indicated above are 
J! reduced by 1/2. 



$0.00 



SUBTOTAL = 



$1,634.00 



Pressing fee of $130.00 for furnishing the English translation later than 
mpifths from the earliest claimed priority date (37 CFR 1.492 (f)). 



□ 20 



□ 30 



$0.00 



TOTAL NATIONAL FEE = 



$1,634.00 



Feefbr recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable). 



n 
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A check in the amount of 



$1,634.00 



_to cover the above fees is enclosed. 
in the amount of 



to cover the above fees. 



Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 04-1105 A duplicate copy of this sheet is enclosed. 

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, ai>etition to re 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. jf i 
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P.O. Box 9169 
Boston, MA 02209 
(617) 439-4444 
(617) 439-4170 (FAX) 
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Attorney Docket No. : 7030 1 / 56383 
IN THE UNITED STATES PATENT OFFICE 

APPLICANT: Klaus Sonnenberg et aL. 



Entry of U.S. National Stage of 
International application PCT/EP00/ 02349 

For: DEVICE FOR PRODUCING MONOCRYSTALS 



CERTIFICATE OF EXPRESS MAILING 

I hereby certify that this correspondence is being deposited with the United 
States Postal Service as Express Mail (Label No. EL8954 18689 US) in an envelope 
addressed to Box: DO/EO/US, Commissioner for Patents, Washington, D.C. 20231 
on 




By: few. , Cp/frfar? 

Rita Johnson 



Q Box: DO/EO/US 

3 Commissioner for Patents 

k Washington, D.C. 20231 



In Sir: 



PRELIMINARY AMENDMENT 



Please amend the above application as follows. 
In the Specification : 

Please amend the English translation of "Amended specification page 2" as 
follows. 

Page 2, paragraph 4: please rewrite as follows: 
A device characterized by an insulating device being planned that is designed in such 
a way that a heat flow in a radial direction vertical to the rotation axis (M) of the 
furnace (1) can be restricted to a preset rate and whereby the insulating device (6) is 
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designed so that its insulating effect is reduced from the cover heater (3) to the floor 
heater 12) [in accordance with the characterization clause of Claim 1] is familiar from 
the Journal of Crystal Growth, NL, North-Holland Publishing Co. Amsterdam, Vol. 
166, No. l A, September 1, 1996, pages 566-571. 



Page 2, paragraph 6: please rewrite as follows: 
The task is solved by means of a device for producing a monocrystal by growing from a 
|j melt of raw materials of the monocrystal to be produced with a heating appliance (1) 
ygl for generating a temperature gradient within the melt of raw material whereby the 
\| heating appliance (1) has a rotationally symmetrical furnace (1) with a rotation axis 

| j (M)and with an essentially level floor heater (2) and an essentially level cover heater (3) 

%i 

s that can be controlled to different temperatures and characterized by an insulating 

3,3*. 

%tl device being planned that is designed in such a way that a heat flow in a radial 

direction vertical to the rotation axis (M) of the furnace (1) can be restricted to a preset 

M rate and whereby the insulating device (6) is designed so that its insulating effect is 
reduced from the cover heater (3) to the floor heater (2) [in accordance with Claim 1], 



Page 2, paragraph 7: please rewrite as follows: 
[Further developments are indicated in the subordinate claims.] In certain preferred 
embodiments of the invention, the device has a furnace designed cylindrically and a 
controller that is designed in such a way that the temperature of the floor heater 12) 
can be reduced in comparison with the temperature of the cover heater. In other 
preferred embodiments, the device has an insulator device (6) that is designed as a 
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tapered cone body with a coaxial cylindrical hollow space that is open at the top and 
bottom and placed in the furnace (Din such a way that the tapered end is towards the 
floor heater (2). Preferably, the insulator device is made, for example, of graphite. In 
other preferred embodiments, the device comprises a furnace f 1) having a jacket 
heater (5), In still other preferred embodiments, the device comprises a heat 
transmission part (6) having a rotationally symmetrical profiled or unprofiled shape. 
In yet other preferred embodiments, the device includes a heating surface of the 
Cl heaters being calculated in a ratio to the diameter of the monocrystal to be produced 
%{f so that a temperature that is essentially homogeneous over the radial cross-section 
^ surface of the monocrystal to be produced can be generated together with a 
W temperature gradient between the first heater (2) and the second heater (3) that is 
% essentially homogeneous and constant. Preferably, the size of the surface of each 

^ heater (2, 3) is at least 1.5 times the cross-sectional area of the monocrystal to be 

U 

^ produced is calculated. Preferably, the controller is designed so that the temperature 
^ of the first level heater (2) can be lowered continuously as against the second level 
heater (3). In still other preferred embodiments, the clearance between the heaters is 
greater than the length of the monocrystal to be produced. In yet further preferred 
embodiments, a crucible (4) for receiving a melt of raw material of the monocrystal to 
be produced is provided between the first heater (2) and the second heater (3). 
Preferred devices of the present invention are particularly suited for the production of 
a monocrystal from a HI-V composite semiconductor, for example, a monocrystal of 
gallium arsenide . 
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In the Claims : 

Please cancel the amended claims 1-13 of the International application (PCT) 
and substitute the following new claims. 

14. A device for producing a monocrystal by growing the monocrystal from a 
melt of raw materials with a heating appliance for generating a temperature gradient 
within the melt of raw material, wherein the heating appliance comprises a rotationally 
symmetrical furnace with a rotation axis (M) and with an essentially level floor heater 
and an essentially level cover heater that can be controlled to different temperatures, 
the device further comprising: 

a first insulating device that is structured and arranged in such a way that a 
heat flow in a radial direction perpendicular to the rotation axis (M) of the furnace can 
be controlled at a preset rate; and 

a second insulating device that is structured and arranged to provide an 
insulating effect having a gradient from the cover heater to the floor heater. 

15. A device in accord with Claim 14, wherein the furnace is cylindrical and 
further comprising a controller to control a temperature of the floor heater to be lower 
than a temperature of the cover heater. 

16. A device in accord with Claim 14, further comprising an insulator device 
having a tapered cone body with a coaxial cylindrical hollow space that is open at the 
top and bottom, the insulator device being positioned in the furnace so that the 
tapered end is towards the floor heater. 
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17. A device in accord with Claim 14, further comprising a jacket heater for 
the furnace. 

18. A device in accord with Claim 14, further comprising a heat transmission 
part having a rotationally symmetrical profiled or unprofiled shape. 



Ej 19. A device in accord with Claim 14, wherein the heaters comprise a heating 



surface having a ratio to a surface of a monocrystal to be produced to provide a 

yi 

M temperature that is essentially homogeneous over a radial cross- section of the 

0 monocrystal and a temperature gradient between the floor heater and the cover heater 

- that is essentially constant. 

~*Q 20. A device in accord with Claim 19, wherein the surface of each heater is at 

^ least 1.5 times the cross-sectional area of the monocrystal. 

21. A device in accord with Claim 15, wherein the controller can lower the 
temperature of the floor heater continuously with reference to the cover heater. 



22. A device in accord with Claim 14, the device further comprising a 
clearance between the floor heater and the cover heater, the clearance being greater 
than the length of a monocrystal to be produced. 
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23. A device in accord with Claim 14, wherein said first insulator device 
comprises graphite. 



24. A device in accord with Claim 14, further comprising a crucible for 
receiving the melt of raw material, the crucible being located between the floor heater 
and the cover heater. 



% 25. A device in accord with Claim 14, wherein the furnace is cylindrical and 

Tl further comprising: 

1 2 a controller to control a temperature of the floor heater to be lower than a 

u temperature of the cover heater; 

f I an insulator device having a tapered cone body with a coaxial cylindrical hollow 

Sir 

|4 ; space that is open at the top and bottom, the insulator device being positioned in the 
furnace so that the tapered end is towards the floor heater; 

%*$ 

a jacket heater for the furnace; 

a crucible for receiving the melt of raw material, the crucible being located 
between the floor heater and the cover heater; and 

a clearance between the floor heater and the cover heater, the clearance being 
greater than the length of a monocrystal to be produced. 



26. A device in accord with Claim 25, further comprising a heat transmission 
part having a rotationally symmetrical profiled or unprofiled shape. 
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27. A device in accord with Claim 25, wherein the floor and cover heaters 
comprise a heating surface having a ratio to a surface of a monocrystal to be produced 
to provide a temperature that is essentially homogeneous over a radial cross-section of 
the monocrystal and a temperature gradient between the floor heater and the cover 
heater that is essentially constant. 



- ??; 



28. A device in accord with Claim 27, wherein the surface of each of the floor 
and cover heaters is at least 1.5 times the cross-sectional area of the monocrystal. 

29. A device in accord with Claim 25, wherein the controller can lower the 
temperature of the floor heater continuously with reference to the cover heater. 

30. A device in accord with Claim 25, wherein said first insulator device 
comprises graphite. 

31. A method for producing a monocrystal of a III-V composite 
semiconductor material, said method comprising growing the monocrystal in a device 
according to any one of Claims 14 to 30. 



32. A method for producing a monocrystal of gallium arsenide, said method 
comprising growing the monocrystal in a device according to any one of Claims 14 to 
30. 



Entry of U.S. National Stage of 
International Application PCT/EPOO/ 02349 
Preliminary Amendment 
Page 8 of 17 



REMARKS 

An early examination and notice of allowance are earnestly solicited. 



Respectfully submitted, 




Dike, Bronstein, Roberts & Cushman 
Intellectual Property Practice Group 
EDWARDS & ANGELL, LLP 
P.O. Box 9169 
Boston, MA 02209 
(617) 439-4444 
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Appendix showing details of the amendment 



In the Specification : 



Please amend the English translation of "Amended specification page 2" as 



follows. 



Page 2, paragraph 4: please rewrite as follows: 



A device characterized by an insulating device being planned that is designed in such 



a way that a heat flow in a radial direction vertical to the rotation axis (M) of the 
41 furnace (1) can be restricted to a preset rate and whereby the insulating device (6) is 
yj designed so that its insulating effect is reduced from the cover heater (3) to the floor 
¥ A heater (2) ft^aeeoFdase e-wi th the ch a r a cterization clause of Cla im 1] is familiar from 
k 4 the Journal of Crystal Growth, NL, North-Holland Publishing Co. Amsterdam, Vol. 
Q 166, No. y 4 , September 1, 1996, pages 566-571. 



1^ 

& Page 2, paragraph 6: please rewrite as follows: 

The task is solved by means of a device for producing a monocrystal by growing from a 



melt of raw materials of the monocrystal to be produced with a heating appliance (1) 



for generating a temperature gradient within the melt of raw material whereby the 



heating appliance (1) has a rotationally symmetrical furnace (1) with a rotation axis 



(M)and with an essentially level floor heater (2) and an essentially level cover heater (3) 



that can be controlled to different temperatures and characterized by an insulating 



device being planned that is designed in such a way that a heat flow in a radial 



direction vertical to the rotation axis (M) of the furnace fl) can be restricted to a preset 



Entry of U.S. National Stage of 
International Application PCT/EPOO/ 02349 
Preliminary Amendment 
Page 10 of 17 



rate and whereby the insulating device (6) is designed so that its insulating effect is 
reduced from the cover heater (3) to the floor heater (2) [in accor dance with Claim lj. 



Page 2, paragraph 7: please rewrite as follows: 
[Further^velopmcnts are in d icated in the subordi na t e claims,] In certain preferred 
embodiments of the invention, the device has a furnace designed cylindrically and a 
controller that is designed in such a way that the temperature of the floor heater (2) 

El can be reduced in comparison with the temperature of the cover heater. In other 

■M 

^0 preferred embodiments, the device has an insulator device (6) that is designed as a 

% 4 tapered cone body with a coaxial cylindrical hollow space that is open at the top and 

M* 

0 bottom and placed in the furnace (1) in such a way that the tapered end is towards the 
a floor heater (2). Preferably, the insulator device is made, for example, of graphite. In 
m other preferred embodiments, the device comprises a furnace (1) having a jacket 
%l heater (5). In still other preferred embodiments, the device comprises a heat 
M transmission part (6) having a rotationally symmetrical profiled or unprofiled shape. 
In yet other preferred embodiments, the device includes a heating surface of the 
heaters being calculated in a ratio to the diameter of the monocrystal to be produced 
so that a temperature that is essentially homogeneous over the radial cross-section 
surface of the monocrystal to be produced can be generated together with a 
temperature gradient between the first heater (2) and the second heater (3) that is 
essentially homogeneous and constant. Preferably, the size of the surface of each 
heater (2, 3) is at least L5 times the cross-sectional area of the monocrystal to be 
produced is calculated. Preferably, the controller is designed so that the temperature 
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of the first level heater (2) can be lowered continuously as against the second level 
heater (3). In still other preferred embodiments, the clearance between the heaters is 
greater than the length of the monocrystal to be produced. In vet further preferred 
embodiments, a crucible (4) for receiving a melt of raw material of the monocrystal to 
be produced is provided between the first heater (2) and the second heater (3). 
Preferred devices of the present invention are particularly suited for the production of 
a monocrystal from a III-V composite semiconductor, for example, a monocrystal of 
gallium arsenide . 

In the Claims : 

Please cancel the amended claims 1-13 of the International application (PCT) 
and substitute the following new claims. 

1. Device-for producing a m o nocrys ta l by grow in g fro m a m el t of ra w 

materials of the monocrystal to-be-produeed-wife^heating-appliance ( 1) f o r g ene ra tin g 
a temperature gradient within- the melt of raw material whereby t he heati ng appliance 
(1) has a rotati onally sy m me tr ical furnace (1) with a ro tation axis (M) and with an 
essentially level- floor heater (2) and an essentially level cove r heate r (3) that can be 
eontr-elled" to - different temperatures an d char acterized ^y- an - insulating device being 

■fee-rota ti o n - ax is ( M ) of the furnace (1) can b e-^ estricted to a pr eset' rat e and whereby 
the insulating devi c e (6 ) is d esig ned so that its insulatin g effect i s reduce d ■from -fee 
cover- h eater (3) to the floor heat e r ( 2) , 
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On De vice i n acco rda nce wit h Claim 1 , char a c te r ize d b y the furnace being -designed 

■cylindrically a n d by there bein g a coiitroller' thati B -designed in such a way that the 
t empera ture of the fl o or heater ( 3 ) c an fee r e duc e d i n comparison with t he -t emperater e 
ef the c o v er heater. 

3n Device in ac cord a nce w ith Claim 1, or -- 2 - ■c h ara cterized by an insulator device (6) 

t hat is designed as a tapered c one body wit h a coaxial cylindric al hollow s pace that' is 
open at the to p a nd bot tom a nd placed in the fur n ace (!■)■■ in-sneh-a- way that the 

0 ^^ e r ed -- et^4& 4ewa rd - S" - tha --jBeo r hea t e r ( 2 ). 

. h 

J| 4~, De v ice ■ m ac coFd- anee - wi fe-em of the C la i ms 1- -to -3^ characterized b y the f urn ac e 

\| |l) ...having a jack e t- h eater (5)r 

0 Device in accordance with on e-of t he Claims 1 --to -4 characteriz ed by the heat 

a transmis s ion part (6) having a rotation-ally symm e tr ical profile d or unproiiled shape: 

^1 De\4ee-in-aeeerdance with-one of th e Clai ms 1 te S-e-haraeterized by a - he a ting 

& e urfae^ - of - th - e- h e at ers being calculated in a rati e - te-t he -di ame t e r- Qf - the monocrystal to 
^ be prod uced so th at--a-tem pera t ure that is essentially homoge neous over the radial 
cross-sectio n surface of the mon ocrystal- to- be- produced can^ be gene r ated together 
with a tempe rature gr a di en t between-the-first- heater ( 2) and the second heater (3) that 
is essentially -hemegeneous -and cons ta nt. 

7~. A d e vice in ac cordan e e w ith C la im 6, characterised -by-the size of the surface of 

each heater ( 2 , 3) bein g at least 1 .5 t imes the- -eross-seetioaal- -area- of ■the- monocrystal 
t o-b e produced i s calculated. 
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A dev i ce in a ccordanc e wit h on e of the Cl a ims -2 to 7 eh ar aeterize d by t he 



eesteHer being-designed so that -th e tem p erat ure " OfAe fi rs t' l e vel heat er (2) can be 



tew ered -eoMkmou s l y as ag ainst t he-se eo H4 ---le¥el heater -- { - 3 -)-;- 

9-. Ar ^eviee4n accord an ce with one of Cl ai m s l- to -8 ch ara ct erized by the clearanc e 



be t w een the he a ters- being greater than the lengt h o f th e -mono cr y s tal t o be produced. 
4©, A- d evice in a ccordan ce with C la im s 1 to 9 ch a r a cte rised -by th e in s ulat or d ev i ce 



bein g made, for e x amp l e, o f graphit e ;' 

Q 4Arx A-d eviee - in - a eeeydance u dth-ene - e f-the C laims 1 to 10 -eha ra e terized by a 

%lJ era eible - "(4)"-f© r recei vin ^ ^ - m^ 

*4 being pr ov id e d that-4 s 4 e cated be twee n the first heater (2) a nd the sec on d heater (3), 

CJ V2r. A de vice in acc orda nce wi th one of the Clai m d 1 to - 11 chara ct e rized b y the 

\! 

s deviee-being-a-device for producing a monoerystal from a III V composite 

%$ semiconductor: 

y3 -IS^ A-d@vie e- in accordanc e with-one o f the Claims l-4 e l-S- eharacterized by the 

M ; devie e - b eing a deviee-for producing a monocty r stal fr o m ' - ga llium arsenide. 



14, A device for producing a monoerystal by growing the monoerystal from a 



melt of raw materials with a heating appliance for generating a temperature gradient 



within the melt of raw material, wherein the heating appliance comprises a rotationally 



symmetrical furnace with a rotation axis (M) and with an essentially level floor heater 



and an essentially level cover heater that can be controlled to different temperatures, 



the device further comprising: 
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a first insulating device that is structured and arranged in such a way that a 

heat flow in a radial direction perpendicular to the rotation axis (M| of the furnace can 
be controlled at a preset rate; and 

a second insulating device that is structured and arranged to provide an 
insulating effect having a gradient from the cover heater to the floor heater. 

15, A device in accord with Claim 14, wherein the furnace is cylindrical and 

further comprising a controller to control a temperature of the floor heater to be lower 
than a temperature of the cover heater. 

16. A device in accord with Claim 14, further comprising an insulator device 

having a tapered cone body with a coaxial cylindrical hollow space that is open at the 
top and bottom, the insulator device being positioned in the furnace so that the 
tapered end is towards the floor heater. . . 

17, A device in accord with Claim 14, further comprising a jacket heater for 

the furnace. 

18. A device in accord with Claim 14, further comprising a heat transmission 

part having a rotationally symmetrical profiled or unprofiled shape, 

19. A device in accord with Claim 14, wherein the heaters comprise a heating 

surface having a ratio to a surface of a monocrystal to be produced to provide a 
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temperature that is essentially homogeneous over a radial cross-section of the 
monocrystal and a temperature gradient between the floor heater and the cover heater 
that is essentially constant. 

20. A device in accord with Claim 19, wherein the surface of each heater is at 

least L5 times the cross- sectional area of the monocrvstaL 

21. A device in accord with Claim 15, wherein the controller can lower the 

temperature of the floor heater continuously with reference to the cover heater. 

22. A device in accord with Claim 14, the device further comprising a 

clearance between the floor heater and the cover heater, the clearance being greater 
than the length of a monocrystal to be produced. 

23. A device in accord with Claim 14, wiierein said first insulator device 

comprises graphite. 

24. A device in accord with Claim 14, further comprising a crucible for 

receiving the melt of raw material, the crucible being located between the floor heater 
and the cover heater. 

25. A device in accord with Claim 14, wherein the furnace is cylindrical and 

further comprising: 
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a controller to control a temperature of the floor heater to be lower than a 

temperature of the cover heater; 

an insulator device having a tapered cone body with a coaxial cylindrical hollow 

space that is open at the top and bottom, the insulator device being positioned in the 
furnace so that the tapered end is towards the floor heater; 
a jacket heater for the furnace; 

a crucible for receiving the melt of raw material, the crucible being located 

between the floor heater and the cover heater; and 

a clearance between the floor heater and the cover heater, the clearance being 

greater than the length of a monocrystal to be produced. 

26. A device in accord with Claim 25, further comprising a heat transmission 

part having a rotationally symmetrical profiled or unprofiled shape. 

27. A device in accord with Claim 25, wherein the floor and cover heaters 

comprise a heating surface having a ratio to a surface of a monocrystal to be produced 
to provide a temperature that is essentially homogeneous over a radial cross- section of 
the monocrystal and a temperature gradient between the floor heater and the cover 
heater that is essentially constant. 

28. A device in accord with Claim 27, wherein the surface of each of the floor 

and cover heaters is at least 1.5 times the cross-sectional area of the monocrystal. 



Entry of U.S. National Stage of 
International Application PCT/EP00/02349 
Preliminary Amendment 
Page 17 of 17 

29. A device in accord with Claim 25, wherein the controller can lower the 

temperature of the floor heater continuously with reference to the cover heater. 

30. A device in accord with Claim 25, wherein said first insulator device 
comprises graphite* 

31. A method for producing a monocrystal of a III-V composite 

semiconductor material, said method comprising growing the monocrystal in a device 
according to any one of Claims 14 to 30* 

32. A method for producing a monocrystal of gallium arsenide* said method 

comprising growing the monocrystal in a device according to any one of Claims 14 to 
30. 



BOS2_178012.1 




Device for producing monocrystals 



The invention concerns a device for producing monocrystals. 
In particular the invention concerns a device for producing 
monocrystals of various materials, for example III-V mate- 
rials, for example of gallium arsenide monocrystals. 

Familiar devices for producing monocrystals of various ma- 
terials, for example III-V materials , for example of gal- 
lium arsenide monocrystals, generally comprise multiple 
temperature zone furnaces , such as those described in DE- 
OS-38 39 97 and in US patents US 4, 086,424, US 4,423,516 
and US 4,518,351. 

These multiple temperature zone furnaces can consist not 
only of metal heat conductors but also of heating conduc- 
tors containing carbon The so-called multiple zone tube 
furnaces enable a variable structure of a temperature field 
suitable for crystal growth and its displacement along the 
furnace's axis of rotation. 
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However, devices of this kind are characterized not only by 
an axial but also by a radial heat flow that can lead to a 
variable growth rate and to an unfavorable formation of the 
interphase melt-crystal. 

In addition, multizone or multiple temperature zone fur- 
naces are composed of a variety of thermal construction 
elements and this requires considerable expense for disman- 
tling and assembling for maintenance work. As the number of 
zones increases the amount of automation increases and with 
it the susceptibility to faults of multizone furnaces. 

In particular for the production of monocrystals with a 
large diameter, for example 2", 3% 100 mm, 125 mm, 150 mm 
2 00 mm and above, there is the problem that a radial heat 
flow in the crystal has an effect on the isotherms, i.e. on 
the interphase melt -monocrystal in a vertical or axial di- 
rection respectively. 

A device in accordance with the characterizing clause of 
Claim 1 is familiar from the Journal of Crystal Growth, NL, 
North-Holland Publishing Co. Amsterdam, Vol. 166, No. M, 
September 1, 1996, pages 566-571. 

The task of the invention is to provide a device for pro- 
ducing monocrystals, in particular monocrystals of various 
III-V materials, for example from gallium arsenide, in 
which the heat control is almost exclusively axial. 

The task is solved by means of a device in accordance with 
Claim 1. 

Further developments are indicated in the subordinate 
claims . 

The device has the advantage that a homogeneous axial heat 
flow is guaranteed and that practically no heat at all can 
run off in a radial direction, i.e. of a radially homogene- 
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ous temperature at the upper and lower heating plates and 
the intermediate sections. 

Other elements and expediencies can be seen in the descrip- 
tion of a design example by means of Fig. 1. 

The figure shows a schematic cross-section view of the de- 
vice according to the invention with an axis of rotation M 
extending vertically. 

The device for producing monocrystals has a cylinder- shaped 
furnace 1 with a lower heating plate as the floor heater 2 
and an upper heating plate as the cover heater 3 . The high- 
temperature heat conducting plates (e.g. CFC) have a circu- 
lar cross-section. The diameter of the floor heater 2 and 
of the cover heater 3 is not less than 1.5 to 2 times the 
diameter of the crystal to be produced, so that there are 
no radial heat flows in the system that are caused among 
other things through the non-rotationally symmetrical in- 
fluences of the current supply. The clearance between floor 
heater 2 and cover heater 3 is dimensioned so that a cruci- 
ble 4 for the crystal growth can be located between them. 

A control appliance that is not shown is planned with which 
floor heater 2 and cover heater 3 can be triggered in such 
a way that cover heater 3 can be kept roughly at the melt- 
ing temperature of the material to be processed and floor 
heater 2 can be kept at a slightly lower temperature. The 
controller is in addition designed so that the temperature 
of floor heater 2 can be continuously reduced in the growth 
process in comparison with the temperature of the cover 
heater, so that the melt of the raw material in the cruci- 
ble 4 can harden continuously from bottom to top. 

The cylindrical furnace 1 has in addition a jacket heater 5 
that is formed for example in the cylindrical boundary wall 
of the furnace. There is a control appliance planned that 
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is designed so that the jacket heater 5 can be held at a 
temperature in the proximity of the melting point of the 
raw material in the crucible. 

To prevent a flow of heat in a radial direction the furnace 
1 has in addition a rotationally symmetrical insulator 6 
made of heat -insulation material. Insulator 6 has the shape 
of a tapered body with a coaxial cylindrical interior that 
is open at the top and the bottom. The outer wall 7 of the 
insulator 6 is therefore shaped like a truncated cone and 
the inside wall 8 is shaped like a cylinder. Insulator 6 is 
arranged in the furnace in such a way that the tapered end 
8 is in the direction of floor heater 2 and the end oppo- 
site to the tapered end is in the direction of cover heater 
3. The inside diameter of the insulator is greater than the 
diameter of the crucible 4 that is to be inserted. The in- 
sulator is made preferably of graphite. The hollow trun- 
cated cone shape of the heat conducting profile 6 results 
in a free radiation space 9 between the heat conducting 
profile and the jacket heater 5 that contributes to the 
azimuthal compensation of the temperature through the main 
heater. 

The design and arrangement of insulator 6 in the furnace 1 
described above brings about a reduction in the heat insu- 
lation moving from the cover heater 3 to the floor heater 2 
in a radial direction between a melt of raw material in 
crucible 4 and the jacket heater 5. 

For operational purposes the crucible 4, which contains the 
crystal nucleus is placed into the furnace. Boroxide B 2 0 3 
and polycrystalline gallium arsenide are then added. The 
jacket heater 5 is then triggered in such a way that it is 
brought to a temperature that is sufficient to heat the re- 
action space to the working temperature and to melt the 
solid feedstock material. The added polycrystalline gallium 
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arsenide is melted so that it forms a gallium arsenide melt 

10 and is covered by a covering melt 11 made of molten B 2 0 3 
so that contact of the gallium arsenide with the crucible 
wall is prevented. 

The growing process is then carried out as follows. The 
cover heater 3 is brought to a temperature of approx. 
13 0 0°C and the floor heater 2 is brought to a temperature 
of approx. 1200°C. A temperature gradient is formed between 
the cover heater 3 and the floor heater 2 that is practi- 
cally the temperature gradient that is found between two 
infinite parallel level plates. The temperature of the 
floor heater is then reduced continuously so that the melt 

11 in the crucible 4 crystallizes out evenly from bottom to 
top. By controlling and/or regulating the temperature of 
the floor heater 2 relative to the temperature of the cover 
heater 3 it is possible to move the vertical position of 
the melt isotherms between the two heaters and therefore to 
control the crystallization. The jacket heater must be cor- 
rected slightly throughout the process time to maintain the 
ideal axial temperature, because the system 1 s overall en- 
ergy level is reduced, and to ensure that the radial 
losses, that are compensated for through the jacket heater, 
are reduced. 

The jacket heater 5 serves to compensate global heat losses 
and to prevent a radial heat flow. Through insulator 6 a 
high level of insulation is achieved in the area of cover 
heater 3 in a radial direction and a lower level of insula- 
tion in the area of floor heater 2 in a radial direction. 
This guarantees an axial heat flow parallel to the rotation 
axis of the furnace during the crystallization process. 

During the crystallization process and thereafter isotherm 
formation in the reaction vessel is in this way possible in 
any form. The isotherm form that is aimed for can be dis- 
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placed through the strictly axial heat flow over the com- 
plete height of the reaction space between cover heater 3 
and floor heater 2 . 

The device in accordance with the invention enables the 
production of monocrystals of different III-V materials 
with large diameters, such as for example gallium arsenide 
with a diameter of 2", 3 M , 100 mm, 125 mm, 150 mm 200 mm 
and larger. 

Depending on the monocrystal that is to be produced, for 
example in regard of its material or its diameter, the in- 
sulator 6 may be designed as a hollow cylinder. The aim is 
simply to guarantee a strictly axial heat flow and to pre- 
vent the heat flowing off in a radial direction. In this 
way the target can be reached of obtaining a constant rate 
of crystal growth per time unit. 

In a modified form the heat transmission cylinder 6 is not 
in the shape of a tapered cone but is shaped so that a de- 
sired axial isotherm course is achieved. Any particular 
form is conceivable here and is calculated by means of the 
desired isotherm course. Any type of desired heat flow can 
be designed through the form of the material and the type 
of the material. In this way the target can be reached of 
obtaining a constant rate of crystal growth per time unit. 
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Amended claims for the national phases 

1 . Device for producing a monocrystal by growing from a 
melt of raw material of the monocrystal to be produced 
with a heating appliance (1) for generating a temperature 
gradient within the melt of raw material whereby the heat- 
ing appliance (1) has a rotationally symmetrical furnace 
(1) with a rotation axis (M) and with an essentially level 
floor heater (2) and an essentially level cover heater (3) 
that can be controlled to different temperatures and char- 
acterized by an insulating device being planned that is de- 
signed in such a way that that a heat flow in a radial di- 
rection vertical to the rotation axis (M) of the furnace 

(1) can be restricted to a preset rate and whereby the in- 
sulating device (6) is designed so that its insulating ef- 
fect is reduced from the cover heater (3) to the floor 
heater (2) . 

2. Device in accordance with Claim 1 characterized by the 
furnace being designed cylindrically and by there being a 
controller that is designed in such a way that the tempera- 
ture of the floor heater (2) can be reduced in comparison 
with the temperature of the cover heater. 

3. Device in accordance with Claims 1 or 2 characterized 
by an insulator device (6) that is designed as a tapered 
cone body with a coaxial cylindrical hollow space that is 
open at the top and bottom and placed in the furnace (1) in 
such a way that the tapered end is towards the floor heater 

(2) . 
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4 . Device in accordance with one of the Claims 1 to 3 
characterized by the furnace (1) having a jacket heater 
(5) . 

5. Device in accordance with one of the Claims 1 to 4 
characterized by the heat transmission part (6) having a 
rotationally symmetrical profiled or unprofiled shape. 

6. Device in accordance with one of the Claims 1 to 5 
characterized by a heating surface of the heaters being 
calculated in a ratio to the diameter of the monocrystal to 
be produced so that a temperature that is essentially homo- 
geneous over the radial cross-section surface of the mono- 
crystal to be produced can be generated together with a 
temperature gradient between the first heater (2) and the 
second heater (3) that is essentially homogeneous and con- 
stant . 

7. A device in accordance with Claim 6 characterized by 
the size of the surface of each heater (2, 3) being at 
least 1.5 times the cross-sectional area of the monocrystal 
to be produced is calculated. 

8 . A device in accordance with one of the Claims 2 to 7 
characterized by the controller being designed so that the 
temperature of the first level heater (2) can be lowered 
continuously as against the second level heater (3) . 
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9. A device in accordance with one of the Claims 1 to 8 
characterized by the clearance between the heaters being 
greater than the length of the monocrystal to be produced. 

10. A device in accordance with Claims 1 to 9 characterized 
by the insulator device being made, for example, of graph- 
ite . 

11. A device in accordance with one of the Claims 1 to 10 
characterized by a crucible (4) for receiving a melt of raw 
material of the monocrystal to be produced being provided 
that is located between the first heater (2) and the second 
heater (3) . 

12. A device in accordance with one of the Claims 1 to 11 
characterized by the device being a device for producing a 
monocrystal from a III-V composite semiconductor. 

13 . A device in accordance with one of the Claims 1 to 12 
characterized by the device being a device for producing a 
monocrystal from gallium arsenide. 
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